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INTRODUCTION 

The purpose of t h i s  paper(1) i s  t o  d i s c u s s  t h e  p r i n c i p a l  problems con- 

f r o n t e d  i n  t h e  h e a r t  of t h e  program COLD f o r  t h e  r e a l i z a t i o n  and the  ex2eri- 

mentat ion of a  g raph ic  system of man-computer communication. I must adrnlt, 

above a l l ,  t h a t  my s ta tements  a r e  no t  t h e  r e s u l t  s o l e l y  of- my a c t i v i t y ,  Su.t 

a r e  a l s o  t h e  r e s u l t  of t h e  work of a group of r e s e a r c h e r s  and t e c h n i c i a n s  

t h a t  work wi th  me, and of c o l l a b o r a t i o n  wi th  t h e  I n s t i t u t e  of E l e c t r i c a l  

Technology and E l e c t r o n i c s  of t h e  P o l i t e c h n i c  I n s t i t u t e  of Milan, with the 

Calcu la t ion  Center of t h e  Facu l ty  of Engineering of Bologna, and w i t h  the in- 

d i v i d u a l s  r e spons ib l e  f o r  t h e  p r o j e c t  CONCOMP of t h e  Un ive r s i t y  of Michigan 

a t  Ann Arbor. Of t h e  most a c t i v e  c o l l a b o r a t o r s  I must mention: engineers  

I. Al leva ,  R. Gal imber t i ,  R. Laschi ,  G. Val le ;  d o c t o r s  A. G h i r a r d i  and G, 

Sclocchi ;  S. F o r t u n a t i  and G. More t t i .  I must a l s o  thank p ro fe s so r  X, Gatti 

f o r  innumerous sugges t ions  and c o n t i n u a l  a s s i s t a n c e .  

D i g i t a l  computers have f o r  some t ime been used i n  engineer ing  and i n  

p r a c t i c a l l y  a l l  s c i e n t i f i c  f i e l d s .  Only r e c e n t l y ,  however, has  t h e i r  use a s  

co-helpers  i n  man's c r e a t i v e  p roces s  been t h e  o b j e c t  of s tudy.  Experimental 

a t t empt s  made wi th  graphic  communication techniques  have obta ined  and are 

now ob ta in ing  a h igh  l e v e l  of e f f i c i e n c y  i n  man-computer i n t e r a c t i o n ,  ex- 

p l o i t i n g  t o  t h e  f u l l e s t  man's i n t r i n s i c  c h a r a c t e r i s t i c s  and those  of t h e  

machine. 

The c r e a t i v e  process  of t h e  human mind, a t  l e a s t  i n  t h e  s c i e n t i f i c  

f i e l d ,  i s  understood above a l l  a s  a  process  of i nven t ive  l ea rn ing .  This  

* Numbers i n  t h e  margin i n d i c a t e  t h e  pag ina t ion  i n  t h e  o r i g i n a l  f o r e i g n  text. 

" Inv i t ed  paper" presented  t o  t h e  Congress of t h e  S. I. F., Bologna, 
October,  1967. 



c o n s i s t s ,  i n  gene ra l ,  of t h e  s ea rch  f o r  a  t r i a l  s o l u t i o n  and f o r  the methods 

of a r r i v i n g  a t  t h e  s o l u t i o n s .  It i s  then  a  search  f o r  t h e  v e r i f i c a t i o n  10: 

t h e s e  methods and t h e  s o l u t i o n s ,  t o  a s c e r t a i n  t h a t  a l l  t h e  d a t a  have been 

s a t i s f i e d ,  and t h a t  t h e  d e s i r e d  r e s u l t s  have been achieved. This  v e r i f i c a -  

t i o n  sugges t s  t h e  p o s s i b l e  a l t e r a t i o n  of t h e  o u t l i n e d  s o l u t i o n s .  

This  i t e r a t i v e  method of r e sea rch ing  t h e  s o l u t i o n s  and t h e  methods o f  

a r r i v i n g  a t  s o l u t i o n s  i s  i n  gene ra l  a process  l a r g e l y  undefined. De ta i l ed  

a lgor i thms t h a t  desc r ibe  i t  do n o t  e x i s t ,  a s  a  u n i v e r s a l  a lgor i thm t o  con- 

s t r u c t  a lgor i thms f o r  problem s o l u t i o n s  does n o t  e x i s t .  This  does not alean 

t o  say  t h a t  c e r t a i n  processes  now considered p e c u l i a r  t o  t h e  human mind 

cannot i n  t h e  f u t u r e  be formalized and t h e r e f o r e  mechanized, b u t  simply 

t h a t  now t h e r e  i s  an  i n f i n i t e l y  extended h i e ra rchy  of i n t e l l e c t u a l  processes  

t h a t  a r e  now beyond t h e  f r o n t i e r  of t hose  which a r e  e a s i l y  and economicaL1-y 

fo rma l i zab le  - no ma t t e r  how we succeed i n  extending t h i s  f r o n t i e r ,  

It i s  e x a c t l y  between t h e  in fo rma l i zab le  mental p rocesses  and those  

d e s c r i b a b l e  w i t h  an  e f f i c i e n t  a lgor i thm t h a t  we p l ace  t h e  s tudy  and experi-  

mentat ion of a n  e f f e c t u a l  union of man and computer - a union t h a t  b r i n g s  

o u t  t h e  b e s t  of t h e  human mental c a p a c i t y  of a s s i m i l a t i n g  informat ion  and 

r a p i d l y  formula t ing  a dec i s ion ,  and t h e  a b i l i t y  of t h e  d i g i t a l  computer t o  

r e s o l v e  wi th  p r e c i s i o n  and r a p i d i t y  problems i n  which many s i m i l a r  o p e r - -  ~ E i o n s  

a r e  repea ted .  Man's capac i ty  f o r  s y n t h e s i s  and decision-making i n  f a c t  

complements t h e  enormous e f f i c i e n c y ,  and power of memory and c a l c u l a t i o n  

of t h e  d i g i t a l  computer. 

The optimum means of man-computer i n t e r a c t i o n  must permit  a  homogeneous 

blending of t h e  c a p a c i t i e s  of t h e  man and t h e  machine wi th  a  r ap id  response 

time, t o  t h e  o v e r a l l  goa l  of improving man's l e a r n i n g  and memorization of 

t h e  s i g n i f i c a n t  r e s u l t s  and t h e r e f o r e  of h i s  decision-making capac i ty ,  It 

must permit  i n t e r a c t i o n  i n  r e a l  time. I n t e r a c t i o n  i n  r e a l  t ime means aa 

i n t e r a c t i o n  i n  which t h e  computer response t o  an  ope ra to r  r eques t  i s  fur-, 



nished  i n  a  t ime adequate  f o r  t h e  o p e r a t o r ' s  own c a p a c i t y  of a s s i rn i l a t i on  

- t h a t  i s ,  n e i t h e r  too  f a s t  nor  too  slow i f  t h e  p r i n c i p a l  goa l  of t h e  r,eans 

of i n t e r a c t i o n  i s  t o  t a k e  advantage of t h e  b e s t  of man's c a p a c i t i e s ,  and t o  

permit  him t o  e x p l o i t  t h e  g r e a t  c a l c u l a t i n g  c a p a c i t i e s  of t h e  computer wi th  

t h e  techniques  of t ime-sharing. 

It i s  common linowledge t h a t  t he  language of h ighes t  e f f i c i e n c y  for 

s c i e n t i f i c  communication between men i s  graphic  language. I n  f a c t ,  man o f t e n  

pe rce ives  t h e  s o l u t i o n s  t o  h i s  problems i n  graphic  form. I!loreover, it i s  

T L I  c t i o n s  w e l l  known how necessary  and e f f i c i e n t  t h e  use  of a  ske t ch  i s ,  which ft- 

a s  a  temporary memory i n  t h e  c r e a t i v e  process  of t h e  human mind. Current 

technology s t i l l  does n o t  permit  e f f i c i e n t  means of communication f o r  three- 

dimensional f i g u r e s  t h a t  a r e  s o  near  i n  t h e  world surrounding us.  Instead,  

means a r e  a v a i l a b l e  f o r  a graphic  a lphabe t  of two-dimensional symbols, often 

having a  convent iona l  meaning t i e d  t o  t h e  p a r t i c u l a r  u se  of t h e  language 

i t s e l f .  Two-dimensional means of g raph ic  communication, even tua l ly  augnented 

by t h e  use  of c o l o r ,  a r e  t h e r e f o r e  t h e  most adequate  means of man-comp~ter 

i n t e r a c t i o n  f o r  t h e  ma jo r i t y  of needs. 

Given t h e  l a r g e  p r a c t i c a l  and s p e c u l a t i v e  i n t e r e s t  i n  t h e s e  new techni -  

ques of man-computer i n t e r a c t i o n ,  ire have undertaken a v a s t  r e sea rch  program 

w i t h  t h e  double goa l  of b e t t e r  c h a r a c t e r i z i n g  t h e  p e c u l i a r i t i e s  of graphic 

means of communication, and of experimenting wi th  some a p p l i c a t i o n s  in which 

t h e  advantages of an e f f i c i e n t  i n  l i n e  i n t e r a c t i o n  between t h e  ope ra to r  and 

t h e  machine may be more ev ident .  

I n  t h e  fo l lowing ,  I w i l l  f i r s t  b r i e f l y  d e s c r i b e  t h e  system upon which - / 4 
t h e  experiments were performed. Then I w i l l  p r e s e n t  a l l  t h e  p o r t i o n  of she 

programming developed by us  t o  render  t h e  operator-computer graphic  comnuni- 

c a t i o n  p o s s i b l e ,  and f i n a l l y  I w i l l  d i s c u s s  quick ly  some of t h e  a p y l i c a t l o n s  

completed t o  d a t e ,  omi t t i ng  those  which s t i l l  have n o t  been s u f f i c i e n t l y  

t e s t e d .  



2. SYSTEM OF PROJECT COLD 

The system c o n s i s t s  of a n  IBM 1800 computer wi th  16  thousand memory 

p o s i t i o n s  of 16  b i t s  each, and a  memory c y c l e  of 2 microseconds. It i s  

equipped wi th  t h e  fo l lowing  u n i t s :  a  console  t ypewr i t e r ,  t h r e e  d i s k  s t o r a g e  

u n i t s  mounted on independent communication channels  t o  t h e  computer, a print- 

e r ,  a ca rd  read  punch, one numerical  i npu t  u n i t ,  one analog inpu t  unit, a 

numerical  ou tpu t  u n i t ,  and one output  u n i t  f o r  " in t e r rup t "  s i g n a l s .  

The graphic  d i s p l a y  u n i t  i s  a n  I. D. I., model CM 10114, c o n s i s t i n g  of 

a  s p e c i a l  tube  w i t h  slow magnetic and f a s t  e l e c t r o s t a t i c  d e f l e c t i o n ,  s e r v i c e  

and i n t e r f a c e  c i r c u i t s ,  two s t o r a g e  r e g i s t e r s ,  a  smal l  c o n t r o l  u n i t  which 

permi ts  t h e  execut ion  of s imple i n s t r u c t i o n s  ( p l o t s  of p o i n t s ,  of s e r i e s  of 

p o i n t s ,  of c h a r a c t e r s ,  and of cont inuous and broken l i n e s ;  c o n t r o l  of s e v e r a l  

l e v e l s  of s c reen  image i n t e n s i t y ,  and p o s s i b l e  low frequency modulation of 

t h i s  same i n t e n s i t y ) .  Typical  t r a c e  t ime f o r  a  p o i n t  is  approximately 15 

microseconds, and f o r  a l i n e  of any l e n g t h  about  50 microseconds. Graphic 

informat ion  is  in t roduced  us ing  a  l i g h t  pen connected t o  t h e  computer "in- 

t e r r u p t "  channel.  For a l l  f u n c t i o n a l  d e t a i l s  of a graphic  d i s p l a y  system 

and l i g h t  pen, r e f e r  t o  t h e  comprehensive b ib l iography r epor t ed  i n  Refer- 

ences  [ I ]  and [ 2 ] .  

The system has  some s e r i o u s  l i m i t a t i o n s ,  namely: t h e  f a s t  memory 

c a p a c i t y  i s  somewhat smal l ,  g iven  t h e  l a r g e  overhead requirements  of t h e  

s e r v i c e  programming; and t h e  channel t o  which t h e  graphic  d i s p l a y  u n i t  i s  

a t t a c h e d  i s  u n i d i r e c t i o n a l .  The graphic  system uses  p a r t  of t h e  computesss 

f a s t  memory as a s t o r a g e  b u f f e r  f o r  t h e  sequence of g raph ic  i n s t r u c t i o n s  

( e x i t  l i s t ) .  Th i s  p a r t  of t h e  memory i s  a c c e s s i b l e  both  t o  t h e  computer 

c o n t r o l  u n i t  and t o  t h e  g raph ic  system c o n t r o l  u n i t ,  which i s  accessed 



i n  a "cyc le  s t e a l i n g  mode". (2)  The u n i d i r e c t i o n a l i t y  of t h e  channel to ~ f h i c h  

t h e  g raph ic  s y s t e m . i s  a t t ached  r e q u i r e s  t h a t  f o r  any graphic  ope ra t ion  made 

wi th  t h e  l i g h t  pen, however s imple,  c o n t r o l  i s  regained us ing  t h e  '"interrupt" 

f u n c t i o n  of t h e  c e n t r a l  computer u n i t  over  t h e  b u f f e r  s t o r a g e  of t h e  graphic  

u n i t .  Moreover, i t  impedes t h e  graphic  system c o n t r o l  u n i t  i n  i t s . e x e c u t i o n  

1 of s imple branching i n s t r u c t i o n s  which would permit  e x i t  l is ts  organized be- 
3 
1 low i n  t h e  program, wi th  g r e a t  sav ings  of memory above a l l  i n  t h e  complex 

f i g u r e s  composed of many equal  elements.  The small  capac i ty  of t h e  fast 

memory a c t u a l l y  a v a i l a b l e  (% 8000 words of 16  b i t s )  compels t h e  f r equen t  u s e  

of t h e  d i s k  u n i t s  w i th  a  g r e a t  l o s s  of time. A s  a  r e s u l t ,  i t  i s  o f t e n  

d i f f i c u l t  t o  o b t a i n  an  e f f e c t i v e  func t ion ing  i n  r e a l  t ime of t h e  opera tor -  

computer i n t e r a c t i o n ,  above a l l  i n  t hose  problems where t h e  computer i s  
9 c a l l e d  upon t o  execute  many computations,  and t h e  man t o  formula te  a r a p i d  

choice  based on r e s u l t s  presented  i n  graphic  form. F igure  1 shows t h e  ex- 

t e r n a l  view of t h e  system of  p r o j e c t  COLD. 

3.  SERVICE PROGRAMMING 

i 
i 

For e f f i c i e n t  func t ion ing ,  t h e  g raph ic  system r e q u i r e s  cons ide rab le  

{ s e r v i c e  programming suppor t .  Given t h e  p a r t i c u l a r  con f igu ra t ion  of our  sys- 

1 tem and t h e  l i m i t e d  c a p a c i t y  of t h e  a v a i l a b l e  f a s t  memory, we were not a b l e  
I 
1 t o  u t i l i z e  e x i s t i n g  programs on t h e  market,  t h e  m a j o r i t y  of which are izcom- 
1 
i 

p l e t e  and n o t  optimized. On t h e  o t h e r  hand, t h e  op t imiza t ion  of the  system 
1 
f has  r equ i r ed  c a r e f u l  programming of t h e  elementary ope ra t ions ,  n e c e s s a r i l y  

1 dependent on t h e  c h a r a c t e r i s t i c s  of t h e  system i t s e l f .  

(2)  This  i s  a  type  of common func t ion ing  of many modern computers i n  
which numerical  d a t a  can be  introduced o r  taken from t h e  computer memory 
w i ~ h o u t  i n t e r f e r i n g  wi th  t h e  c e n t r a l  c o n t r o l  u n i t  of t h e  computer i t s e l f ,  
b u t  u t i l i z i n g  e x t e r n a l  r e g i s t e r s  and " s t e a l i n g  a memory cycle"  f o r  every word 
t r a n s f e r r e d  under c o n t r o l  of a synchronized s i g n a l  generated by e x t e r n a l  
equipment. 



\ 
Figure  1. View of t h e  system of p r o j e c t  COLD. 

Programs s t u d i e d  and produced were programs f o r  l i g h t  pen u s e  ( 'krack- 

ing" and "picking");  programs f o r  t h e  c o n s t r u c t i o n  and c o n t r o l  of t h e  is-- 

s t r u c t i o n  s e t  and d a t a  f o r  t h e  graphic  u n i t ;  programs r e l a t i v e  t o  the l i n e a r  

t ransformat ions  of t h e  image ( s c a l e  f a c t o r ,  t r a n s l a t i o n ,  r o t a t i o n ,  p a r a l l e l  

p r o j e c t i o n ,  p e r s p e c t i v e ) ;  and programs f o r  t h e  graphic  p r e s e n t a t i o n  s f  

c a l c u l a t i o n  r e s u l t s .  

The e n t r y  of  graphic  informat ion  can be  done i n  two ways: wi th  the 

func t ion ing  of " t racking2'  and w i t h  t h a t  of "picking". I n  t h e  fo l lowing  1 

w i l l  o u t l i n e  b r i e f l y  t h e  " t racking" program. I n  t h e  " t racking" f u n c t i o n  

t h e  coo rd ina t e s  of p o i n t s  on t h e  s c r e e n  a r e  en tered  i n t o  t h e  computer memory, 

t h e  meaning and va lue  of which a r e  t i e d  t o  t h e  program which has  t h e  input 

da ta .  The r e s o l u t i o n  w i t h  which t h e  coo rd ina t e s  of p o i n t s  can  be ind ica t ed  



of t h e  succes s ive  pos i t '  A O ~ S  

F igu re  2a. S e r i e s  of graphic  i n s t r u c t i o n s  
t h a t  permit  t h e  cho ice  of " t racking".  

of t h e  subordinated f i g u r e ;  

2) r e g i s t r a t i o n  of on ly  some 

of t h e s e  p o s i t i o n s ,  chosen 

w i t h  s imple  m e t r i c  laws ( f o r  example, when t h e  d i s t a n c e  between two success-  

i v e  p o s i t i o n s  may be  g r e a t e r  than  a  p re f ixed  va lue)  t h a t  e f f e c t  a  s i m p l e  mask 

over  t h e  t r aced  f i g u r e ,  r e l a t i n g  t h e  n o i s e  components t o  h igh  frequency;  3) 

t r a c i n g  of v e c t o r s :  t h e  v e c t o r  beginning wi th  a p o i n t  p rev ious ly  en t e red  

has  a s  i t s  t e rmina l  p o i n t  t h e  subordinated f i g u r e  and fo l lows  i t  u n t i l  t h i s  

f i g u r e  i s  n o t  seen  by t h e  l i g h t  pen f o r  a p re f ixed  time (on t h e  o rde r  of a 

second). Whensuch a t ime has  passed,  t h e  v e c t o r  is  completed and t h e  con- 

(3) We have f i n a l l y  produced a  method of e n t r y  which, t ak ing  advantage 
of a v e r n i e r  technique,  permi ts  a n  easy r e s o l u t i o n  of one t e n  thousandth,  

( 4 )  The v e l o c i t y  wi th  which t h e  subordinated f i g u r e  fo l lows  the l i g h t  
pen depends upon i ts  form and upon t h e  program which c o n t r o l s  i t s  movement, 
A method of au tomat ic  a n t i c i p a t i o n  of t h e  d i r e c t i o n  of movement has  been 
s t u d i e d ,  which has  g iven  i n t e r e s t i n g  r e s u l t s ,  y e t  does n o t  r e q u i r e  complex 
and cumbersome programming: t h i s  permi ts  a h igh  v e l o c i t y  of w r i t i n g  w i t h  
t h e  l i g h t  pen, and i t  i s  almost  impossible  t o  l o s e  t h e  subordinated 
f i g u r e  . 



k igu re  2b. Figure traced on the  screen with the  l i g h t  pen, 
with type 2. "tracking" (see t ex t )  



s t r u c t i o n  of a new v e c t o r  i s  begun; 4 )  t r a c i n g  of v e c t o r s  w i th  pre-es rab l i sh-  

ed d i r e c t i o n :  t h e  p r o j e c t i o n  of t h e  subordinated f i g u r e  according t o  t h e  

d i r e c t i o n  of one of t h e  c a r t e s i a n  axes  on t h e  l i n e  of t h e  d a t a  d i r e c t i o n ,  

pass ing  t h e  i n i t i a l  p o i n t  of t h e  v e c t o r ,  and u t i l i z e d  as i n  3 ) ;  5) encry  of 

a n  i s o l a t e d  po in t .  

Obviously t h e  designed f i g u r e  i s  presented  on t h e  sc reen  even during 

i t s  own t r a c i n g ;  t h i s  p r e s e n t a t i o n  i s  i n t e r r u p t e d  only  dur ing  t h e  presents- /9 - 
t i o n  of t h e  subordinated f i g u r e .  The temporal s e p a r a t i o n  of t h e  two repre- 

s e n t a t i o n s  r ende r s  t h e  system s e n s i b l e  only  t o  t h e  luminous s i g n a l s  of t h e  

subordinated f i g u r e ,  and t h e r e f o r e  permi ts  pass ing  over  t h e  t r aced  f i g u r e  

wi th  t h e  l i g h t  pen dur ing  t h e  ope ra t ion  of " t racking" wi thout  any d i s tu rbance ,  

4. RESEARCH COMPLETED /10 
P 

O f  t h e  p r o j e c t s  completed wi th  t h e  graphic  system descr ibed  above, 1 

a m  p re sen t ing  only  those  t h a t  have been t h e  o b j e c t  of s u f f i c i e n t  experimenta- 

t i o n .  

A. The planning and t h e  d e t a i l e d  d e s c r i p t i o n  of d e f i n i t e  o b j e c t s  w i t h  

double curved s u r f a c e s  r e p r e s e n t  an  important  and i n t e r e s t i n g  a p p l i c a t i o n  o f  

man-computer g raph ic  communication. I n  i n d u s t r y  t h e  problem i s  manifested 

above a l l  i n  t h e  planning of t h e  s h i p s s  h u l l s ,  of f u s e l a g e s ,  wings, and 

a i l e r o n s . o f  a i r c r a f t ,  of automobile bodies ,  of t h e  b l ades  of a p r o p e l l e r  o r  

t u r b i n e ,  of an  o p t i c a l  l e n s ,  of a curved b r  a rched  dam, ' o f  Sur faces  of 

a r c h i t e c t u r a l  i n t e r e s t ,  e t c .  In c o l l a b o r a t i o n  w i t h  t h e  I n s t i t u t e  of ELec- 

t r o n i c s  and E l e c t r i c a l  Technology of t h e  P o l i t e c h n i c  I n s t i t u t e  of Milan, w e  

have produced [l, 21 a group of programs f o r  t h e  gene ra t ion  and t h e  manipu- 

l a t i o n  of double curved s u r f a c e s  t h a t  have proved t o  be e f f i c i e n t  enough 

and have aroused t h e  i n t e r e s t  of i ndus t ry .  

Among t h e  many; problems confronted ,  I remember t h a t  of t h e  d a t a  



s t r u c t u r e ,  which was, i n  gene ra l ,  t h e  most important i n  a l l  of t h e  graphic 

communication systems'  a p p l i c a t i o n s .  . I n  t h i s  p a r t i c u l a r  ca se ,  given t h e  

s i m p l i c i t y  of t h e  topo log ica l  r e l a t i o n s  between t h e  d a t a  and t h e  e l a b o r a t i o n s  

r eques t ed ,  t h e  most convenient  s t r u c t u r e  of t h e  d a t a  r e s u l t e d  from a simyLe 

compromise between t a b l e  and l is t  s t r u c t u r e s .  
1 

B. An e f f i c i e n t  opera tor -computer ' in terac t ion ,  i n  t h e  s p i r i t  of the  

g o a l s  i nd ica t ed  i n  t h e  i n t r o d u c t i o n ,  should permit  t h e  ope ra to r  t o  express  

himself  g r a p h i c a l l y ,  j u s t  a s  he  i s  used t o  doing wi th  p e n c i l  and paper ,  It 

i s  o f t e n  e a s i e r  and economically more convenient  t o  program a computer t o  

i n t e r p r e t  a  ske t ch ,  than  t o  i n s t r u c t  a  l a r g e  number of u s e r s  i n  a new expres- 
i 
1 s i v e  language. 

To g i v e  t h e  u s e r  t h i s  p o s s i b i l i t y ,  we have undertaken,  i n  co l labora t? -on  /II 
wi th  t h e  Computer Center of t h e  Facu l ty  of Engineering of Bologna, t h e  s tudy 

of a  program which r ende r s  t h e  computer capable  of i n t e r p r e t i n g  a l l  rbe 

alphanumeric c h a r a c t e r s ,  and an  ensemble of e l e c t r i c a l  symbols hand-traced by 

? 
i 

t h e  ope ra to r  on t h e  screen .  The problem of r ecogn i t i on  a s s o c i a t e d  w i t h  t h i s  

a p p l i c a t i o n  i s  s i m p l i f i e d  no tab ly  by t h e  fo l lowing  f a c t s :  bes ides  the co- 

o r d i n a t e s  of p o i n t s  t h a t  compose a t r aced  f i g u r e ,  t h e  temporal sequence i n  

which t h e  p o i n t s  a r e  en t e red  i s  memorized ( t h i s  i s  supplementary information 
I 

of a  p a r t i c u l a r  u t i l i t y ,  g iven  t h e  n o t a b l e  grade  of un i formi ty  i n  t h e  manner 
1 
i of w r i t i n g  found i n  t h e  many s u b j e c t s  taken i n  exams). An e l eva t ed  grade  

of r ecogn i t i on  i s  n o t  necessary  ( i t  i s  s u f f i c i e n t  t o  recognize  90 - 95% of 

t h e  designed symbols, s i n c e  - being t h e  l i n e  ope ra to r  - he  can redesigr ,  

t h e  symbol i f  t h e  computer has  n o t  i n t e r p r e t e d  i t  c o r r e c t l y ) .  On t h e  o t h e r  

8 

? hand, t h e  program t h a t  performs t h e  r ecogn i t i on  r e q u i r e s  a  func t ion ing  i n  

r e a l  t ime, (anyway, t o  save  time, even dur ing  t h e  t r a c i n g  of t h e  symbol), a 

r a p i d  r ecogn i t i on ,  and a l i m i t e d  occupat ion of memory space.  

J 
The problem w a s  reso lved  i n  t h e  LAMA program [3 ,  41 t h a t  has  g iven  

I 

4 s u f f i c i e n t  r e s u l t s .  Its use ,  a s s o c i a t e d  w i t h  o t h e r  programs - f o r  example, 

c i r c u i t  a n a l y s i s  - i s  c u r r e n t l y  i n  t h e  experimental  phase. 

r 



C. Analysis  of e l e c t r o n i c  c i r c u i t s  [5] .  The graphic  means of conriuni- /h2 - 
c a t i o n  i s  much more convenient and n a t u r a l  f o r  s p e c i f i n g  a  c i r c u i t  than i s  

punching a  pack of c a r d s  o r  a  tape.  This  i s  much c l o s e r  t o  how a  drafzsnan  

t r a d i t i o n a l l y  works and a l s o  i t  permi ts  a  r a p i d  and l e s s  t i r i n g  opera"ion, 

This  a l lows  t h e  use  of t h e  computer f o r  c i r c u i t  a n a l y s i s  even t o  a user 

completely un t r a ined  i n  programming, wi thout  having t o  w r i t e  equat ions  nor 

prepare  d a t a  and punch cards .  A l l  t opo log ica l  and q u a n t i t a t i v e  informat ion  

r e l a t i v e  t o  a network a r e  given g r a p h i c a l l y ,  and a l l  t h e  r e s u l t s  are also 

presented  g raph ica l ly :  a s imple network i s  t h e r e f o r e  p o s s i b l e  i n  which ::he 

ope ra to r ,  who is  an  expe r t  draf tsman,  simply s p e c i f i e s  t h e  network and exa- 

mines i t s  behavior  a s  he  would, f o r  example, w i th  an  osc i l l o scope ,  s t udy ing  

t h e  e f f e c t s  of t h e  v a r i a t i o n  of t h e  parameter va lues ,  components n o t  y e t  

found on t h e  market,  o r  f u n c t i o n a l  e r r o r s  and cond i t i ons  which would lead t o  

t h e  d i s t r u c t i o n  of t h e  s imulated c i r c u i t .  

The program produced, i n  use  c u r r e n t l y ,  i s  subdivided a s  fo l lows:  

g raph ic  e n t r y  of t h e  network, i t s  va lue ,  choice  of t h e  type  of a n a l y s i s  

( frequency response of t h e  network, t r a n s i t o r y  response) ,  a n a l y s i s ,  p resenta-  

t i o n  of r e s u l t s ,  p o s s i b l e  a l t e r a t i o n  of t h e  topology and of t h e  parameter 

va lues .  F igure  3 p r e s e n t s  some images of t h e  d i v e r s e  phases of t h e  program. 

For a l l  program d e t a i l s  and f o r  t h e  methods of a n a l y s i s  chosen, refer 

t o  Reference 151. 

D. Resolu t ion  of p a r t i a l  d i f f e r e n t i a l  equat ions  [16] .  We a r e  confront-  

ed wi th  t h e  problem of e l l i p t i c a l  d i f f e r e n t i a l  equat ions ,  t h e  s tudy  of 

e l e c t r o s t a t i c  f i e l d s ,  magnetic f i e l d s ,  thermal f i e l d s ,  e t c .  We noted the 

d i f f i c u l t i e s  of p l o t t i n g  t h e  p r o f i l e  and t h e  boundary cond i t i ons  t o  ob ta in  

t h e  d e s i r e d  course  of t h e  f i e l d .  We f u r n i s h  d a t a  t o  t h e  computer t o  r e s o l v e  

a  D i r i c h l e t  problem by des igning  a  boundary on t h e  g raph ic  u n i t  s c r een ,  ai- 

ways spec i fy ing  g r a p h i c a l l y  t h e  boundary cond i t i ons .  The computer r e so lves  

t h e  d i f f e r e n t i a l  equat ions  of t h e  f i e l d ,  and g r a p h i c a l l y  p r e s e n t s  the r e s u l t s  

a c r o s s  t h e  l i n e s  of f l u x  o r  t h e  e q u i p o t e n t i a l  l i n e s  (p lane  f i e l d s ) ,  



Figure  3a. I n  t h e  upper l e f t  we s e e  t h e  t h r e e  i n s t r u c t i o n s  f o r  connect ,  
end e n t r y ,  and c a n c e l l a t i o n .  Then, towards t h e  bottom, t h e  e l ec t r i ca .1  
symbols used f o r  g r a p h i c a l l y  e n t e r i n g  a c i r c u i t .  I n  t h e  c e n t e r  there 
i s  a c i r c u i t  w i t h  a v o l t a g e  gene ra to r ,  r e s i s t a n c e s ,  condensers,  and 
induc to r s .  Note t h e  d i s t i n c t  geometr ic  masses. 

F igu re  3b. The same c i r c u i t  a s  i n  ( a ) ,  a f t e r  t h e  computer has  cons t ruc ted  
t h e  equ iva l en t  graph. The l e t t e r s  r ep re sen t  t h e  names of t h e  modes of 

t h e  equ iva l en t  graph. 

12 



Figure  3c. Af t e r  having en tered  and given va lue  t o  t h e  c i r c u i t ,  the 
choice  of t h e  type  of a n a l y s i s  i s  made; t h r e e  methods of a n a l y s i s  are 
a v a i l a b l e :  t r a n s i t  a n a l y s i s  w i th  t h e  method of Katzenelson. t r a n s i t  

w i t h  t h e  i t e r a t i v e  method, and frequency a n a l y s i s  wi th  the  
s t a t e  v a r i a b l e s  method. 

F igure  3d. Trace of a wave form of t h e  v o l t a g e  d i f f e r e n c e  a c r o s s  the 
ends of r e s i s t o r  EA ( s e e  F igu re  3b) .  



Figure  3e. C i r c u i t  w i th  a s a t u r a t e d  induc to r  ( b i p o l a r  CD) and 
a non-l inear  r e s i s t o r  (b ipo le  DA). 

F igure  3 f .  C h a r a c t e r i s t i c  EV of t h e  b i p o l e  DA. 



Figure  3g. Trace of a wave form of t h e  c u r r e n t  through the 
s a t u r a t e d  inductance.  

F igu re  3h. Trace of a wave form of t h e  v o l t a g e  a c r o s s  t h e  
ends of a non-l inear  r e s i s t o r  DA. 





The problem i s  n o t  much d i f f e r e n t  f o r  u s  than  t h a t  a l r e a d y  reso lved  

f o r  t h e  i n t r o d u c t i o n  of an  e l e c t r i c a l  network and f o r  t h e  p r e s e n t a t i o n  of 

r e s u l t s .  

C. I t e r a t i v e  a n a l y s i s  and s y n t h e s i s  of block diagrams f o r  l i n e a r  

systems. The advantages of a  d i g i t a l  computer l i nked  t o  a graphic  unit i n  

t h e  a n a l y s i s  and s y n t h e s i s  of subordinated systems i s  obvious. S ingular  

b locks ,  i f  l i n e a r  o r  can be made l i n e a r ,  can be represented  on t h e  graphic  

u n i t  by t h e i r  t r a n s f e r  func t ion ,  represented  a n a l y t i c a l l y  o r  by an  experi- 

mental  graph. The topology of t h e  system can be simply designed w i t h  con- 

v e n t i o n a l  symbols on t h e  g raph ic  u n i t .  The r e s u l t s ,  f o r  example,the dig-. 

grams of Bode and Nyquist ,  a r e  presented  g r a p h i c a l l y  guiding t h e  drafssman 

i n  t h e  s e l e c t i o n  of t h e  c o r r e c t  networks and even tua l ly  i n  t h e  changing of the /14 
topology of t h e  system. It i s  observed t h a t  no l i m i t s  e x i s t  i n  t h e  reso-, 

l u t i o n  wi th  which t h e  d a t a  can be  expressed wi th  t h e  g raph ic  u n i t ,  inas-  

much as t h e  r e s o l u t i o n  of t h e  cathode r a y  tube  can be  extended as much as 

d e s i r e d  us ing  a s c a l e  f a c t o r .  

D. Operator-computer i n t e r a c t i o n  during t h e  a c q u i s i t i o n  and process ing  
I 
I of d a t a  from phys ics  experiments.  Abundant l i t e r a t u r e  e x i s t s  on t h e  s u b j e c t ,  

b u t  t h e  p o s s i b i l i t i e s  o f f e r e d  i n  t h i s  f i e l d  by means of graphic  communication 

a r e  s t i l l  n o t  completely known. 

E. Assoc ia t ive  memories: i n  t h e s e  memories, t h e  s ea rch  f o r  a memory 

c e l l  i s  n o t  on ly  t i e d  t o  t h e  c o n t e n t s  of t h e  c e l l  i t s e l f ,  bu t  a l s o  t o  i t s  

r e l a t i o n s  wi th  t h e  con ten t s  of o t h e r  c e l l s .  This  o rgan iza t ion  of t h e  memory, 

beyond t h e  g r e a t  i n t e r e s t  which i t  p r e s e n t s  when one must manipulate  i n  

much i n t e r r e l a t e d  d a t a  i n  a  complicated way, i s  p a r t i c u l a r l y  f a s c i n a t i n g  f o r  

i t s  s i m i l a r i t y  t o  t h e  way i n  which t h e  human mind seems t o  be organized,  

It i s  n o t  add res sab le  based on t h e  p o s i t i o n  of t h e  memory c e l l ,  b u t  rather 

based on i t s  con ten t s  and on t h e  a s s o c i a t i o n s  wi th  t h e  con ten t s  of o t h e r  

c e l l s .  Considerable  work performed by us  i n  t h i s  f i e l d  i s  i n  process  of 



completion and we hope t o  be a b l e  t o  f u r n i s h  a documented and s i g n i f i c a n t  

a n a l y s i s  of t h e  p e c u l i a r i t i e s  of t hese  memories be fo re  long. 

F. Appl ica t ions  of graphic  communication systems t o  t h e  problems 05 

a r c h i t e c t u r e :  t h e  a r c h i t e c t  has  always looked upon t h e  d i g i t a l  computer as 

an  ins t rument  which l i m i t s  h i s  c r e a t i v e  l i b e r t y ,  and moreover, w i th  extreme 

d i f f i d e n c e .  Given however, t h a t  t h e  a r c h i t e c t u r a l  p ro fe s s ion  r e q u i r e s  a 

d e c i s i o n a l  capac i ty  which is  p r a c t i c e d  a f t e r  an  a c c u r a t e  examination sf a 

l a r g e  q u a n t i t y  of d a t a  and r e l a t i o n s h i p s ,  which t h e  human mind can accomplish 

and remember only  wi th  d i f f i c u l t y ,  t h e  jo in ing  of a  computer t o  a r c h i t e c t u r e  

appears ,  i f  n o t  necessary ,  a t  l e a s t  hoped f o r  and wi thout  doubt p o s s i b l e ,  

Our work i n  t h i s  f i e l d ,  now l i m i t e d  t o  s imple urban problems i s  now be- 

g inning  t o  y i e l d  s i g n i f i c a n t  r e s u l t s .  It i s  proceeding s lowly because of 

language d i f f i c u l t i e s .  

6. CONCLUSIONS - k17 

I could cont inue  a t  l e n g t h  enumerating problems t h a t  we have began to 

s tudy ,  o r  t h a t  i t  i s  ou r  i n t e n t i o n  t o  t a c k l e  be fo re  long. Thei r  number grows 

l a r g e r  w i th  our  i nc reased  f a m i l i a r i t y  w i th  t h e  graphic  system of communica- 

t i o n .  I b e l i e v e ,  however, t h a t  i t  i s  u s e f u l  t o  summarize b r i e f l y  t h e  r e -  

s u l t s  ob ta ined  t o  d a t e  which have s u f f i c i e n t  g e n e r a l i t y .  

Foremost, i t  i s  ev iden t  t h a t  an  operator-computer i n t e r a c t i o n  i n  the 

sea rch  f o r  a  problem s o l u t i o n  i s  u s e f u l  on ly  when an a lgor i thm f o r  reaching  

t h e  s o l u t i o n  us ing  t h e  computer a lone  e i t h e r  does n o t  e x i s t  o r  i s  n o t  

economical, whenever r a p i d  i n t e r v e n t i o n - o f  t h e  o p e r a t o r ' s  judgment i s  neces- 

s a ry .  Under t h e s e  cond i t i ons , the  u s e  of t h e  g raph ic  u n i t  i s  seen  even as 

a s imple  way ou t .  It i s  obviously a convenience t o  s e e  t h e  r e s u l t s  of a  

long c a l c u l a t i o n  g r a p h i c a l l y  on t h e  tube ' s  sc reen ,  b u t  i f  t h i s  does n o t  

s e r v e  f o r  a subsequent ope ra t ion  by t h e  ope ra to r ,  t h i s  convenience can be a 

r a t h e r  c o s t l y  and u n j u s t i f i a b l e  luxury.  



The system w i t h  which we a r e  experimenting has  given s a t i s f a c t o r y  re-- 

s u l t s  f o r  t h e  p a r t  r e l a t i v e  t o  graphic  communication. The program d i f z i -  

c u l t i e s  due t o  t h e  u n i d i r e c t i o n a l i t y  of t h e  channel t o  which t h e  graphic  u n i t  

i s  a t t a c h e d  can be overcome e a s i l y  enough by render ing  a c c e s s i b l e  t o  the 

o u t s i d e  t h e  address  r e g i s t e r  f o r  t h e  func t ion ing  i n  "cycle  s t e a l i n g  mode@'x, 

a t  l e a s t  i n  reading .  The programs of " t racking" and "piclcing" produced have 

revea led  themselves adequate  t o  t h e  needs of t h e  a p p l i c a t i o n s  made to d a t e ,  

Response t imes of t h e  graphic  u n i t ,  t h e  u s e  of p a r t  of t h e  f a s t  memory of 

t h e  computer as b u f f e r  s t o r a g e  u t i l i z e d  i n  "cycle  s t e a l i n g  mode", t h e  grapb- 

i c  unit-computer i n t e r a c t i o n  us ing  t h e  " in t e r rup t "  channel ,  and t h e  exit 

t a b l e  a r e  seemingly s a t i s f a c t o r y .  We can t h e r e f o r e  conclude t h a t  t h e  corn- 

p u t e r  i s  more than  s u f f i c i e n t  f o r  a complete s e r v i c e  t o  t h e  graphic  u n i t ,  

I n s t ead ,  where t h e  f a s t  memory c a p a c i t y  i s  i n s u f f i c i e n t  i s  i n  t h e  re- 

s o l u t i o n  of t h e  ma jo r i t y  of problems begun on t h e  graphic  u n i t  ( f o r  exarn?le, 

t h e  c i r c u i t  a n a l y s i s  o r  t h e  r e s o l u t i o n  of t h e  e l l i p t i c a l  d i f f e r e n t i a l  equa- 

t i o n s ) .  For t h e s e  problems i t  is  necessary  t o  r e s o r t  t o  a l a r g e  computer, 

u t i l i z i n g  time-sharing, on which numerical problems of major dimensions 

can be  reso lved ,  l eav ing  t o  t h e  computer connected t o  t h e  graphic  unit the 

t a s k  of se rv ing  t h e  graphic  u n i t  and of r e s o l v i n g  t h e  minor problems. The 

f r equen t  use  of t h e  d i s k s ,  and i n  gene ra l ,  of mass e x t e r n a l  memories has 

shown i t s e l f  t o  be  too inconvenient  both f o r  t h e  c a l c u l a t i o n  t imes and f o r  

t h e  programming. I n  p a r t i c u l a r  i t  can render  an e f f e c t u a l  rea l - t ime inter- 

a c t i o n  imposs ib le ,  given t h e  long w a i t  t imes t h a t  i t  can in t roduce  between 

t h e  o p e r a t o r ' s  formulated r eques t  and t h e  computer's response.  

The programming i s  o f t e n  non-conventional and p a r t i c u l a r l y  i n t e re s t i : l g ,  

Many problems are s t i l l  unresolved;  o t h e r s  have been only  r e c e n t l y  lim.cover- 

ed. I n  p a r t i c u l a r , I  remember t h e  problems connected wi th  t h e  choice  o f  t h e  

d a t a  s t r u c t u r e ,  w i t h  t h e  a s s o c i a t i v e  o rgan iza t ion  of t h e  memory, and wi th  

t h e  e l a b o r a t i o n  of t h e  " in t e r rup t "  s i g n a l s .  Na tu ra l ly  t h e r e  a r e  a l l  the 

problems a s s o c i a t e d  w i t h  t h e  cond i t i on  of t h e  computer upon which one a 



p e c u l i a r  t o  a graphic  system, i f  n o t  f o r  t h e  need of a r a p i d  response from 

t h e  l a r g e r  computer (high p r i o r i t y ) .  

The p o s s i b l e  a p p l i c a t i o n s ,  as I have a l r e a d y  mentioned, i n c r e a s e  irn 

number more and more a s  f a m i l i a r i t y  wi th  t h e  system i n c r e a s e s ,  a n d , n a t u r ~ . l l y ,  

hand i n  hand wi th  t h e  completion of t h e  s e r v i c e  programs which render  the 

system.more f l e x i b l e  and e a s i e r  t o  use. The a p p l i c a t i o n s  t h a t  I have pre- 

s en ted  t o  you i n  t h i s  r e s p e c t  a r e  b u t  a few examples t h a t  we have chosen so le-  

l y  because they  were those  most adapted t o  our  prev ious  experience.  I hope, 

however, t h a t  they  have been s u f f i c i e n t  t o  show you t h e  p r i n c i p a l  c h a r a c t e r i s -  

t i c s  o f  t h e  g raph ic s  systems of  operator-computer i n t e r a c t i o n  and their 

p o t e n t i a l  a p p l i c a t i o n s .  
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